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Open access under the ElCommercial lecithins are composed mainly of phospholipids and triacylglycerols. The analysis of the
commercial lecithins, including their fraction of phospholipids, normally involves laborious and expen-
sive protocols. Easy ambient sonic-spray ionization mass spectrometry (EASI-MS) is shown to be an efﬁ-
cient technique for the analysis of lipids. Samples of commercial lecithins including standards, reﬁned,
deoiled and modiﬁed soy lecithin were tested. Characteristic proﬁles of phosphatidylcholines and triacyl-
glycerols are detected by EASI(+)-MS, whereas EASI()-MS provided phosphatidylethanolamines, glyco-
phospholipids and free fatty acids proﬁles. Acetylated lecithins also displayed characteristic acetylated
derivatives. EASI-MS data was also compared to MALDI-MS, and found to display richer compositional
information. The industrial process applied to lecithin fabrication was also characterised via typical
EASI-MS proﬁles. EASI-MS both in its positive and negative ion modes offers a direct, fast and efﬁcient
technique able to characterise commercial lecithin.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Lecithin is a term used originally to describe speciﬁcally phos-
phatidylcholines but, nowadays, it is commonly used to refer to
commercial mixtures of different phospholipids (PL). Initially, the
major source of lecithin was from animals, mainly the egg yolk.
The advent of the process of reﬁning and marketing of vegetable
oils, especially soybean oil, made possible large scale lecithin pro-
duction from vegetable sources at low costs. Phosphatidylcholines
(PC), phosphatidylethanolamines (PE), phosphatidylserines (PS),
phosphatidylinositols (PI), phosphatidilglycerols (PG), phospha-
tidic acid (PA), glycophospholipids (GPL) and their lysoforms are
the major phospholipids found in lecithin from vegetable sources
(McClements, 1997; Szuhaj, 2005).
Phospholipids are amphipathic molecules and as such they have
found numerous applications in the food industry, mainly as emul-
siﬁers and stabilizers. The phospholipid composition and their rel-
ative abundances directly inﬂuence the characteristics of the
emulsion; hence, various emulsions with speciﬁc characteristics
for different applications can be formed by changing the phospho-
lipid composition of lechitins (Dashiell, 1988; McClements, 1997).
Due to complex composition, the analysis of the commercial.
rnandes).
sevier OA license.lecithins as well as their fraction of phospholipids, typically in-
volves laborious and expensive work (Helmerich & Koehler,
2003; Rathjen, Lange, & Steinhart, 1998).
Mass spectrometry (MS) is the major analytical tool applicable
to the structural characterization of complex mixtures of organic
compounds (Fuchs & Schiller, 2009; Sawaya et al., 2010). In food
science, most efforts to analyze lipids have associated chromato-
graphic separation techniques with mass spectrometry (Aluyor,
Ozigagu, Oboh, & Aluyor, 2009; Kuksis & Sjovall, 2006). The most
widespread ionization technique for the MS analysis of lipids is
matrix-assisted laser desorption/ionization (MALDI). MALDI-MS
have been widely applied to characterise commercial oils (Saraiva,
Cabral, Eberlin, & Catharino, 2009) and lipids in whole tissues, cells
and embryos, with focus in the membrane phospholipids (Ferreira
et al., 2010; Fuchs & Schiller, 2009; Yang et al., 2008).
Recently, ambient desorption/ionization mass spectrometry
(Alberici et al., 2010; Harris, Galhena, & Fernandez, 2011) has
emerged as a much simpliﬁed powerful alternative for the direct
analysis of lipids. For oils and fats, ambient mass spectrometry
has been shown to provide characterization via typical proﬁles of
triacylglycerols (TAG) (Cardoso et al., 2011; Dill, Ifa, Manicke, Ouy-
ang, & Cooks, 2009; Ifa, Wu, Ouyang, & Cooks, 2010; Paglia, Ifa, Wu,
Corso, & Cooks, 2010; Simas et al., 2010). Easy ambient sonic-spray
ionization (EASI) is one of the simplest ambient ionisation tech-
niques, providing soft voltage-free ionization (Haddad, Sparrapan,
& Eberlin, 2006; Haddad, Sparrapan, Kotiaho, & Eberlin, 2008a).
1856 G.D. Fernandes et al. / Food Chemistry 135 (2012) 1855–1860EASI is based on sonic-spray ionization (SSI) (Hirabayashi, Sakairi,
& Koizumi, 1994, 1995) that forms minute droplets with unbal-
anced charge distribution. These droplets desorb the analytes from
surfaces promoting their ionization and transfer to mass spectrom-
eters (Alberici et al., 2010). EASI-MS allows therefore direct and
fast MS analysis of samples in the open atmosphere with no sam-
ple preparation, pre-separation or derivatization procedures
(Abdelnur, Eberlin, De Sá, Souza, & Eberlin, 2008; Fernandes
et al., 2012; Simas et al., 2012). Recently, the application of EASI
for the characterization of membrane phospholipids in hepatic tis-
sues was demonstrated (Alberici et al., 2011). We therefore envis-
age that EASI-MS could provide an effective, nearly instantaneous
technique able to characterise different commercial lecithin sam-
ples via typical lipid proﬁles.2. Materials and methods
2.1. Lecithin samples
Six different commercial lecithin samples: a Standard Soy Leci-
thin Fluid (SOLECTM SG TN, HLB 4), two Reﬁned Soy Lecithin (SO-
LECTM L TN, HLB 2–3 and SOLECTM CH TN, HLB 4–5), an Enzyme-
Modiﬁed Soy Lecithin (SOLECTM AE IP, HLB 7–8), an Acetylated Soy
Lecithin (SOLECTM AA, HLB 6) and a Deoiled Soy Lecithin (SO-
LECTM F, HLB 7), were provided from SOLAE.2.2. Physico-chemical characterization
The lecithin samples were characterised as the acetone insolu-
ble matter, AOCS standard method Ja 4–46 (AOCS, 2006), phospho-
rus content, AOCS standard method Ca 12–55 (AOCS, 2006).
Analysis of the fatty acid compositions were performed in a
capillary gas chromatograph (CGC Agilent 6850 Series GC System
– Santa Clara, CA) after esteriﬁcation using the method of Hartman
and Lago (1973). The fatty acid methyl esters (FAME) were sepa-
rated according to AOCS standard method 2–66 (AOCS, 2006) in
a DB – 23 Agilent capillary column (50% cyanopropyl-meth-
ylpolysiloxane), dimensions 60 m, f int: 0.25 mm, 0.25 mm ﬁlm.
Oven temperature was 110 C–5 min, 110–215 C (5 C/min),
215 C–24 min; FID detector temperature: 280 C; injector temper-
ature 250 C; carrier gas: helium; split ratio 1:50; injection vol-
ume: 1 ll. The fatty acids identiﬁcation was determined by
comparing peak retention times with the respective standards.Table 1







C 14:0 0.09 ± 0.00 0.13 ± 0.00
C 15:0 0.05 ± 0.01 0.05 ± 0.00
C 16:0 16.46 ± 0.06 16.25 ± 0.02 1
C 16:1 0.1 ± 0.00 0.13 ± 0.01
C 17:0 0.12 ± 0.00 0.11 ± 0.00
C 17:1 0.05 ± 0.01 0.05 ± 0.00
C 18:0 3.85 ± 0.01 3.46 ± 0.01
C 18:1 21.34 ± 0.01 22.51 ± 0.02 2
C 18:2 51.31 ± 0.08 51.59 ± 0.04
C 18:3 5.47 ± 0.01 4.61 ± 0.01
C 20:0 0.29 ± 0.01 0.28 ± 0.00
C 20:1 0.16 ± 0.01 0.17 ± 0.00
C 22:0 0.47 ± 0.01 0.45 ± 0.00
C 24:0 0.23 ± 0.01 0.21 ± 0.02
Acetone insoluble mater (%) 58.03 ± 0.09 51.33 ± 0.41
Phosphorus content (%) 1.92 ± 0.12 1.68 ± 0.06
a Carbon number: double bonds.2.3. EASI-MS characterization
The lecithin samples were dissolved in chloroform (1:10) and
2 ll of sample were placed directly on the paper surface (brown
Kraft envelope paper) which was subjected to EASI-MS analysis.
The spectra were obtained in either the positive or negative ion
modes, using a single-quadrupole mass spectrometer (LC/MS
2010, Shimadzu Kyoto, Japan) equipped with a homemade EASI
source, that uses a simple Swagelok T-element with appropriate
ferrules and tubings for the gas ﬂow and a fused-silica capillary
at the spray exit. (Haddad, Milagres, Catharino, & Eberlin, 2008b;
Haddad et al., 2006). The analysis conditions were: nebulizer gas
N2 ﬂow rate 3 L min1, angle of the surface 30, methanol at a
ﬂow rate of 20 ll min1. Mass spectra were accumulated for 30 s
in the m/z 500–1000 range for the positive ion mode. For the neg-
ative ion mode, the solvent was doped with 0.1% of ammonium
hydroxide, and the spectra were collected in the m/z range of
100–1000. Analyses were made in quadruplicate.
2.4. MALDI-TOF characterization
Lecithin samples were diluted (1:100) in chloroform and 1 ll of
solution was placed onto a MALDI steel target plate (MSP 384 pol-
ished-steel target; Bruker Daltonik, Bremen, Germany) and al-
lowed to air dry. The dried supernatant, overlaid with 1 ll of
matrix solution, consisting of 2,5-dihydroxybenzoic acid (DHB) at
15 mg/ml in methanol, for positive mode analysis; and with 1 ll
of 9-aminocridine matrix solution consisting of 10 mg/ml in
60:40 (v/v) of acetonitrile/isopropyl alcohol, for negative mode.
MALDI-MS was performed in a Bruker Autoﬂex III MALDI-TOF mass
spectrometer operated in the reﬂectron mode and equipped with a
337 nm nitrogen laser using FlexControl 3.3 software (Bruker Dal-
tonik). Mass spectra were collected within the m/z 650–1500
range. Five hundred laser shots were accumulated to generate each
spectrum. MALDI-MS/MS were acquired in the LIFT (Bruker tech-
nology) mode.
3. Results and discussion
Table 1 shows the FA composition of commercial lecithin sam-
ples determined by GC. The FA proﬁles are characteristic of soy-
bean oil with palmitic (C16:0), oleic (C18:1) and linoleic (C18:2)
as the main components. The GC result conﬁrms the origin of the









0.09 ± 0.01 0.09 ± 0.00 0.1 ± 0.01 0.09 ± 0.02
0.07 ± 0.02 0.06 ± 0.01 0.05 ± 0.01 0.07 ± 0.01
7.16 ± 0.11 16.45 ± 0.02 17.18 ± 0.03 18.42 ± 0.04
0.1 ± 0.01 0.09 ± 0.01 0.1 ± 0.01 0.11 ± 0.00
0.13 ± 0.00 0.12 ± 0.00 0.12 ± 0.00 0.16 ± 0.00
0.07 ± 0.03 0.05 ± 0.00 0.04 ± 0.00 0.06 ± 0.01
3.92 ± 0.15 3.76 ± 0.02 3.64 ± 0.01 4.32 ± 0.01
0.36 ± 0.21 20.22 ± 0.04 19.76 ± 0.02 7.42 ± 0.01
51.5 ± 0.36 52.38 ± 0.06 52.74 ± 0.03 60.78 ± 0.02
5.47 ± 0.10 5.65 ± 0.02 5.08 ± 0.01 7.52 ± 0.01
0.27 ± 0.02 0.27 ± 0.01 0.27 ± 0.00 0.15 ± 0.02
0.15 ± 0.01 0.15 ± 0.00 0.18 ± 0.02 0.06 ± 0.01
0.45 ± 0.03 0.47 ± 0.01 0.5 ± 0.01 0.52 ± 0.00
0.25 ± 0.03 0.23 ± 0.01 0.24 ± 0.01 0.31 ± 0.01
66.8 ± 0.59 59.31 ± 0.19 57.51 ± 0.51 95.73 ± 0.45
2.07 ± 0.11 2.07 ± 0.12 2.06 ± 0.06 3.09 ± 0.08
Fig. 1. EASI(+)-MS for the commercial lecithin samples. Main ions assignment:m/z 558 (LPC 18:2);m/z 796 (PC 16:0/18:2);m/z 820 (PC 18:2/18:2 and/or 18:1/18:3);m/z 822
(PC 18:1/18:2 and/or 18:0/18:3); m/z 893 (PLL); m/z 919 (OLL/OOLn).
G.D. Fernandes et al. / Food Chemistry 135 (2012) 1855–1860 1857(P) content are related to the proportion of PL on the lecithin sam-
ples (Table 1). The SOLEC™ F sample contains high levels of AI mat-
ter and (P) content, indicating therefore that the deoiled process
was used in its preparation.
Fig. 1 shows representative EASI(+)-MS lipid proﬁles for the dif-
ferent commercial lecithins. Note that both TAG and PL were de-
tected, mainly in [M + K]+ forms; minor [M + Na]+ ions were also
detected (Table 2). Ions that correspond to TAG were detected in
the m/z 850–1000 range. Comparing the FA composition obtained
by GC (Table 1) to that revealed by EASI(+)-MS, the major TAG
composition of these lecithins were PLL (m/z 893), PLO (m/z 895),
LLL and/or OLLn (m/z 917), OLL and/or OOLn (m/z 919), OOL and/Table 2
Assignment of ions detected by EASI(+)-MS as their sodium and potassium adducts for co
[M + Na]+ [M+K]+ CN:DBa Assignment Relative Abundance of [
SOLEC™ SG TN SOLEC
544 558 18:2 LPCb 18:2 0.65 ±0.26 0.47
546 560 18:1 LPCb 18:1 0.00 – 0.00
780 796 34:2 PCc 16:0/18:2 5.70 ±0.10 6.79
782 798 34:1 PCc 16:0/18:1 1.38 ±0.16 2.02
802 818 36:5 PCc 18:2/18:3 0.42 ±0.01 0.22
804 820 36:4 PCc 18:2/18:2 or 18:1/18:3 9.07 ±0.27 10.24
806 822 36:3 PCc 18:1/18:2 or 18:0/18:3 5.97 ±0.15 5.97
808 824 36:2 PCc 18:0/18:2 or 18:1/18:1 2.02 ±0.67 2.41
875 891 52:5 PLLn 0.85 ±0.32 0.82
877 893 52:4 PLL 8.91 ±1.17 8.91
879 895 52:3 PLO 7.55 ±2.40 6.72
881 897 52:2 POO 2.55 ±0.59 2.47
899 915 54:7 OLnLn 3.77 ±0.15 2.80
901 917 54:6 LLL/OLLn 15.57 ±2.81 18.49
903 919 54:5 OLL/OOLn 18.86 ±0.69 18.03
905 921 54:4 OOL/SLL 11.49 ±1.99 9.60
907 923 54:3 OOO/SOL 4.52 ±0.27 3.61
905 925 54:2 SOO/SSL 0.74 ±0.02 0.44
a Carbon Number : Double bonds of fatty acid chain.
b Lysophosphatidylcholine.
c Phosphatidylcholine.or SLL (m/z 921), and OOO and/or OLS (m/z 923). These results also
conﬁrm the origin of the lecithin, since these TAG proﬁles corre-
spond to soybean oil (Simas et al., 2010). TAG ions were not ob-
served for SOLEC™ F lecithin, since this sample is a deoiled
lecithin, as can be conﬁrmed by the contents of AI matter and P
(Table 1). EASI(+)-MS proﬁles, which are attained in simpler and
cheaper ways than AI and P determinations, seems therefore appli-
cable for lechithin quality control indicating the use of the deoiled
process.
Note that the EASI(+)-MS data, interestingly, shows three well
deﬁned regions in which different classes of lipids are detected.
This feature is convenient as it facilitates classiﬁcation and qualitymmercial soy lecithins.
M+K]+ Ions
™ L TN SOLEC™ CH TN SOLEC™ AA SOLEC™ AE IP SOLEC™ F
±0.03 0.00 – 0.58 ±0.15 13.61 ±1.89 0.00 –
– 0.00 – 0.00 - 2.71 ±0.72 0.00 –
±0.07 6.67 ±0.62 7.45 ±1.97 5.77 ±0.59 21.26 ±0,90
±0.34 1.77 ±0.13 1.52 ±0.54 1.68 ±0.06 1.59 ±1,13
±0.22 0.54 ±0.02 0.46 ±0.01 0.00 – 4.26 ±0,16
±0.22 11.03 ±2.31 12.70 ±0.80 9.68 ±0.23 50.36 ±2,27
±0.36 6.52 ±0.15 7.13 ±0.31 7.25 ±0.15 17.48 ±0,71
±0.17 2.48 ±0.03 1.87 ±0.06 1.66 ±0.16 5.05 ±0,78
±0.07 1.04 ±0.07 0.95 ±0.23 0.00 – 0.00 –
±0.28 9.08 ±0.02 8.80 ±0.87 5.86 ±0.86 0.00 –
±0.14 6.77 ±1.12 6.29 ±1.30 4.93 ±0.62 0.00 –
±0.21 2.53 ±0.29 2.38 ±0.24 1.58 ±0.07 0.00 –
±0.16 2.68 ±0.07 3.21 ±0.09 2.46 ±0.29 0.00 –
±0.86 16.50 ±1.45 17.15 ±3.90 16.59 ±1.33 0.00 –
±0.10 16.28 ±0.46 16.02 ±0.14 15.78 ±0.37 0.00 –
±0.32 10.66 ±0.57 8.37 ±2.62 8.02 ±1.23 0.00 –
±0.17 4.90 ±0.25 4.57 ±0.04 2.42 ±0.23 0.00 –
±0.06 0.55 ±0.01 0.56 ±0.05 0.00 – 0.00 –
Table 3
Assignment of FFA and PL ions detected by EASI(-)-MS and their desprotonated forms for commercial soy lecithins.
[MH] CN:DBa Assignment Relative abundance of [MH] Ions (%)
SOLEC™ SG TN SOLEC™ L TN SOLEC™ CH TN SOLEC™ AA SOLEC™ AE IP SOLEC™ F
279 18:2 Linoleic Acid 9.69 ±1.04 7.36 ±3.51 6.41 ±1.35 3.37 ±1.15 3.99 ±1.66 0.00 –
281 18:1 Oleic Acid 3.81 ±0.81 4.95 ±1.58 0.00 – 0.00 – 0.00 – 0.00 –
476 18:2 LPEb 18:2 0.00 – 0.00 – 0.00 – 0.00 – 20.88 ±6.59 0.00 –
518 18:2 LPEAcetc 18:2 0.00 – 0.00 – 0.00 – 2.91 ±1.00 0.00 – 0.00 –
714 34:2 PEd 16:0/18:2 6.83 ±1.64 10.90 ±0.77 6.14 ±2.43 0.00 – 15.43 ±1.38 14.70 ±3.28
738 36:4 PEd 18:2/18:2 or 18:1/18:3 3.94 ±1.52 10.41 ±1.36 9.585 ±3.83 0.00 – 26.99 ±3.18 16.45 ±2.47
740 36:3 PEd 18:1/18:2 or 18:0/18:3 3.23 ±0.92 0.00 – 0.00 – 0.00 – 4.34 ±0.33 0.00 –
756 34:2 PEAcete 16:0/18:2 0.00 – 0.00 – 0.00 – 37.23 ±2.75 0.00 – 0.00 –
758 34:1 PEAcete 16:0/18:1 0.00 – 0.00 – 0.00 - 4.96 ±1.78 0.00 – 0.00 –
780 36:4 PEAcete 18:2/18:2 or 18:1/18:3 0.00 – 0.00 – 0.00 – 40.16 ±2.42 0.00 – 0.00 –
782 36:3 PEAcete 18:1/18:2 or 18:0/18:3 0.00 – 0.00 – 0.00 -– 8.57 ±3.83 0.00 – 0.00 –
833 34:2 GPLf 16:0/18:2 72.49 ±4.02 66.38 ±1.56 77.87 ±1.93 2.79 ±1.18 28.37 ±3.20 68.85 ±0.84






1858 G.D. Fernandes et al. / Food Chemistry 135 (2012) 1855–1860control. TAGs are detected mainly in them/z 850–1000 range, as al-
ready discussed. Phospholipids, mainly PC, are detected in the m/z
750–850 range, whereas lysophosphatidylcholine (LPC) with only
one fatty acid chain are observed in the m/z 500–580 range
(Fig. 1). The predominant [PC + K]+ ions are those of m/z 820
(PC36:4), m/z 822 (PC36:3), m/z 824 (PC36:2), m/z 796 (PC34:2)
and m/z 798 (PC34:1), whereas LPC is mainly detected as the ion
of m/z 558 (LPC18:2) (Table 2). Comparing the FA composition ob-
tained by GC (Table 1) to that revealed by EASI(+)-MS, the major PL
are PC 18:2/18:2 and/or 18:1/18:3 (m/z 820), PC 18:1/18:2 and/or
18:0/18:3 (m/z 822), PC 18:0/18:2 and/or 18:1/18:1 (m/z 824), PC
16:0/18:2 (m/z 796), PC 16:0/18:1 (m/z 798) and the LPC 18:2
(m/z 558). The ion of m/z 558 (LPC18:2) was observed mainly in
the enzymatically hydrolyzed SOLEC™ AE IP sample, and thisFig. 2. EASI()-MS for the commercial lecithins. Main ions assignment:m/z 279 (Linoleic
(PE 18:2/18:2 and/or 18:1/18:3); m/z 756 (PEAcet 16:0/18:2); m/z 780 (PEAcet 18:2/18:was expected since the enzymatic treatment hydrolyzes one of
the two fatty acids bonded with the glycerol, transforming PC into
LPC. This result shows that EASI(+)-MS promptly reveals lecithin
hydrolysis.
The samples were also analyzed via EASI-MS in the negative ion
mode, focusing now on deprotonated molecules [MH] (Table 3).
Fig. 2 shows representative EASI()-MS proﬁles from different
commercial lecithins. Note that several free fatty acids (FFA), PE,
lysophosphatidylethanolamine (LPE), acetylated phosphatidyleth-
anolamine (PEAcet) and GPL are now detected. The main ions were
those ofm/z 279 (FFA18:2),m/z 714 (PE34:2),m/z 738 (PE36:4) and
m/z 833 (GPL). A characteristic feature of the enzyme-modiﬁed soy
lecithin (Fig 2e) and deoiled soy lecithin (Fig 2f) samples was the
relatively high abundance of the ions of m/z 714 (PE34:2) andAcid);m/z 476 (LPE 18:2); m/z 518 (LPEAcet 18:2); m/z 714 (PE 16:0/18:2);m/z 738
2 and/or 18:1/18:3); m/z 833 (Glycophospholipid).
Fig. 3. MALDI-MS for three representative commercial lecithin samples both in the positive and negative ion modes. Main ions assignments:m/z 782 (PC 16:0/18:1);m/z 796
(PC 16:0/18:2); m/z 820 (PC 18:2/18:2 and/or 18:1/18:3); m/z 822 (PC 18:1/18:2 and/or 18:0/18:3); m/z 738 (PE 18:2/18:2 and/or 18:1/18:3); m/z 833 (GPL).
G.D. Fernandes et al. / Food Chemistry 135 (2012) 1855–1860 1859738 (PE36:4). The ion of m/z 476 (LPE18:2) was detected only from
the enzyme-modiﬁed soy lecithin sample (Fig 2e) and accounted
for by to the enzymatic treatment which transformed PE into LPE.
Another unique feature was observed for the acetylated soy lec-
ithin SOLECTM AA sample (Fig 2d) via the exclusive detection of
the ions, of m/z 756 (PEAcet34:2), m/z 758 (PEAcet34:1), m/z 780
(PEAcet36:4), m/z 782 (PEAcet36:3) and m/z 518 (LPEAcet18:2)
(Table 3) that corresponds to the FA composition (Table 1), as-
signed to PEAcet 18:2/18:2 and/or 18:1/18:3 (m/z 780), PEAcet
18:1/18:2 and/or 18:0/18:3 (m/z 782), PEAcet 16:0/18:2 (m/z
756), PEAcet 16:0/18:1 (m/z 758) and LPEAcet 18:2 (m/z 518). As
the acetylating process modiﬁes solely the ethanolamine chain,
EASI()-MS seems to offer also a proper technique to monitor this
transformation process for lethichin.
EASI-MS analysis permitted therefore the evaluation of the dif-
ferent phospholipids groups and the FA content of such molecules
in each group, with no sample preparation and short analysis time.
In contrast, it has been shown that such detailed structural charac-
terization of lecithins is very demanding by other protocols. For in-
stance, to evaluate the x-3 fatty acid incorporation in PC and PE
from egg yolk, it was necessary to extract the phospholipids of
the lipid egg yolk fraction, and then to isolate PC and PE by HPLC.
In addition, to determinate the fatty acid composition of each frac-
tion, FAME derivatives were prepared and analysis was performed
by gas chromatography (Gladkowski et al., 2011).
As already pointed out, MALDI-MS is the technique most widely
used for lipid analysis; hence, the lecithin samples were also ana-
lysed by this technique to compare the results with those obtained
by the direct EASI-MS protocol. The mass spectrometer used to col-
lect the MALDI-MS data is capable of performing MS/MS analysis,
hence the phospholipid structures was also investigated.
Fig. 3 shows MALDI-MS proﬁles for three representative lecithin
samples both in the positive and negative ion modes. In the MAL-
DI(+)-MS PL ions were detected in both [PL + K]+ and [PL + H]+
forms. These proﬁles reveal similar compositions to those obtained
by EASI-MS. In the MALDI(+)-MS proﬁles the main PL ions were ob-
served in their [PL + K]+ forms, assigned to PC 36:4 (m/z 820), PC
36:3 (m/z 822), PC 34:2 (m/z 796). In the MALDI()-MS the major
ion observed in its [MH] form was of m/z 833 assigned to GLP
(conﬁrmed by MS/MS fatty acid neutral loss in the fragmentation
spectra). A limitation of MALDI(+)-MS is that due to noise from
the DHB matrix, species of m/z lower than 600, such as LPL, cannot
be detected. Also note that PE ions are nearly absent in the MAL-
DI()-MS spectra possibly due the ionic suppression caused by
the ion of m/z 833. When the MALDI-MS data for the three
representative lecithin samples (Fig. 3) are compared to thecorresponding EASI-MS spectra (Figs. 1 and 2), the superior compo-
sitional information revealed by EASI-MS is evident. Note that
EASI(+)-MS reveals rich details of the TAG, PC and LPC composition
while EASI()-MS shows the PE composition.4. Conclusions
The usefulness of EASI (±)-MS for lecithin analysis has been
evaluated. The technique is performed directly on the ‘‘intact’’
sample requiring, therefore, no sample preparation, derivatization
or pre-separation protocols. When compared to MALDI-MS analy-
sis that requires co-cristalization with a matrix, EASI-MS showed
superior results displaying much detailed structural information
on TAG, PC, LPC, FFA, PE (Acet), LPE (Acet) and GPL composition.
EAS(±)I-MS analysis permitted therefore to offer a rapid, simple
and efﬁcient technique to characterise and monitor the quality of
commercial lecithin samples. It seems also capable of monitoring
abnormal composition changes due, for instance, to the addition
of additives and to reveal the application of phospholipid transfor-
mation processes.Acknowledgments
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